The cross sections for y-ray production by laser backscattering are compressed into a narrow region about elab = 00 by the Lorentz transformations. The extent of this compression increases roughly as the square of the electron energy. This is evident in Fig.   2 where the dependence of the lab cross section upon angle is plotted for 3.0 eV laser light incident upon 0.7 GeV electrons (dashed curve) and upon 2.5 GeV electrons (solid curve). The dependence of the backscattered y-ray energy, determined from Eq. (1) The LEGS Facility
The X-ray ring at the NSLS will operate at an energy (2.5-3.0 GeV) that is almost a factor of 2 higher than that of ADONE, and this will result in a factor of 4 increase in the backscattering cross section. Furthermore, the X-ray ring electron beam will reach a factor of 5 higher stored current with a cross sectional area in the straight sections which is a factor of 10 smaller than that of ADONE. As a result of all of these enhancement factors, the BNL facility will be able to produce a high intensity beam (>2x107 photons per second) by techniques much simpler than those forced upon the Frascati group.
The determination of the y-ray beam energy at LEGS will be achieved by tagging, an approach fundamentally different from the method of collimation. For the spectrum of Fig. 3 , the cone of Compton scattered electrons is collapsed a factor of 10 smaller than the already narrow y-ray cone (i.e., their transverse phase space is negligibly different from that of the stored beam.)
The storage-ring dipole magnet immediately following the straight interaction section momentum analyzes these scattered electrons. The y-ray spectrum of Fig. 3 extends down to zero energy, and the corresponding scattered electrons become indistinguishable from the primary beam. However, all of the electrons associated with a high energy portion of the full backscattered spectrum can easily be separated from the primary beam and transported to a focal plane of the dipole magnet. The energy of the y ray reaching the nuclear target is then defined by the position of its tagging electron on this focal plane. Septum magnets located after the storage-ring dipole improve the effective dynamic range and resolution of this tagging procedure. For the spectrometer described in the next section, the net photon energy resolution will be about 2.3 MeV for all y-ray energies. The tagging efficiency is 100% within the dynamic range of the spectrometer, EY>175 MeV. (If necessary, this limit can be lowered by using a lower electron energy.) The lower energy y rays, whose corresponding electrons are outside of the dynamic acceptance of the spectrometer, can then be removed from the beam by coarse collimation.
Thus, the energy of essentially all y rays reaching the nuclear target is known. This is very different from tagged-Bremsstrahlung beams which are always accompanied by very large numbers of untagged Y rays of unknown energy.
There are several advantages to tagging the backscattered y ray beam: (1) The photon collimator can be large enough to accept most of the Compton scattering cross section. This results in a high total y-ray flux.
(2) Data from experiments may be accumulated over a large range of y ray energies without changing the energy of the electron beam. Thus, y-ray production does not require dedicated use of the ring.
(3) The resolution attainable with tagging is significantly better than what can be achieved by collimation at these high energies.
The tagged y-ray beam is much less sensitive to the tune of the storage ring, to small changes in electron beam phase space and position, and is almost completely insensitive to the electron divergence. Thus, there is now no necessity of pulsing the laser light and tagging results in a major simplification of the production method. When the X-ray ring achieves 3.0 GeV, the y-ray energy range will extend up to p420 MeV, and a higher powered laser wil l be used to double the flux .
The Tagging Spectrometer Coupled to the X-Ray Ring The scattered electrons emerging from D2 then pass through an existing gap between the poles and the return yoke of a ring sextapole. The final two dipoles (D3 and D4 ) are of conventional construction.
The magnet D2 is of a somewhat unusual design, in that the current septum has been removed from the magnet gap and placed just outside the edge of the poles (Fig. 6 ). This has been done in order to reduce the width of the septum (by increasing its height)
while maintaining an acceptable current density (4000 A/cm2). The narrow width is essential to obtain a large dynamic range since the dispersion at D2, due to Dl, is only 0.30 mm/MeV. This septum geometry results in an increased leakage field, but since the magnet is constrained by the existing vacuum envelope to be 8 gap lengths (5.5 cm) from the beam, the actual field at the position of the circulating beam is less than 40 gauss. This field will be cancelled by coils above and below the beam. To focus the Compton scattered electrons onto a focal plane, a quadrupole field is desirable before D3. Since there is no space for a separate element, a gradient (450 gauss/cm) will be introduced into D2, so that the field decreases from 11 kG at the septum to 9 kG at the inside. The increased fringing which would normally accompany such a design is reduced by using a floating pole tip. )
Calculations with the code TRIN6tave been made to design the septum and trim coils for D2. The magnitude and shape of the leakage field at the stored beam can be adjusted by varying the height of the septum. The septum height (2.5 cm) is chosen to make the quadrupole field zero at the beam. Two sets of trim coils will be used to cancel higher multipoles. One set (COIL 1 in Fig. 7 ) has current symmetry chosen to cancel both dipole and sextupole components of the leakage field.
A second coil (COIL 2 in Fig. 7 ) has only odd multipoles with geometry selected for no quadrupole field and current chosen to cancel the octupole component.
The resulting fields calculated for the region near the beam are shown in Fig. 7 .
With both coils (1+2) the field is less than 0.5 gauss within 1 cm of the beam (O in Fig. 7 ).
The first order optical properties of this tagging spectrometer have been computed with TRANSPORT.7) The energy resolution is better than 1.5 MeV which, when Trimmed fields from D2 near the beam (at 0). The number of y rays backscattered through the beam-defining collimator (used to remove the low energy untagged component) depends not only upon the areas of the electron and laser beams, but also upon how these areas vary with position along the interaction region, and upon how the angular divergence of the electrons varies along the interaction length. These effects are not included in Eq. (3).
However, from Monte Carlo calculations we expect the resulting fluxes to be only a factor of 2 lower than would be predicted by Eq. (3).
There is a first order limitation on the flux of tagged y-rays.
If two y rays, in the energy range defined by the coarse collimator and above the minimum acceptance of the tagging spectrometer (175 MeV), are produced within a single electron pulse, then two counters on the tagging focal plane will fire. Any resulting nuclear event must be discarded, unless the kinematics of the reaction can be used to determine which photon initiated the event.
For the time structure of the pulses in the NSLS X-ray ring (1.5 ns bunches separated by 18.9 ns), this first order limit is 2x107 s-1.
At this level the perturbation of the lifetime of the stored beam due to laser backscattering is small (15%).
The useful tagged flux can be increased further by retaining the events where two or more tagging counters fire. In most cases, the nuclear target would be thin enough so that only one of the associated y rays would produce an event. This y ray is in coincidence with its tagging electron but in random coincidence with others that reach the focal plane from the same electron bunch.
The spectrum of these random events can be measured to a high accuracy and subtracted. The time structure of the NSLS beam differs from what is usually encountered with electron accelerators. In our case, the pulse pair resolution is irrelevant so long as events are processed on a bunch by bunch basis. The probability for a "Random" contribution to the spectrum is then governed by a Poisson rather than a Normal distribution.
With this method, useful flux levels in excess of 108 s-1 are achievable with a Trues/Randoms ratio better than unity. However, these higher flux levels will lead to shorter ring lifetimes, and the extent to which this will be practical will depend on the filling time and the compatibility with other NSLS users.
Polarization
Because of the small spin-flip amplitude in backward Compton scattering, the y ray beam retains most of the polarization of the incident laser light. The parallel component of the cross section is compared to the total (parallel + perpendicular) in Fig. 8 , assuming a circular collimator and a linearly polarized laser beam. The ratio of these two, the polarization, is shown at the bottom of the figure. At all angles, and hence all y-ray energies, the polarization is greater than about 75%. However, even this level can be greatly improved.
The contamination of the beam with y rays polarized perpendicular to the electric vector of the laser light PL comes from scattering into azimuthal angles near o or 7i, relative to PL. If a rectangular y-ray collimator is used that is narrow in the direction of PL9 the polarization of the transmitted flux can be dramatically increased. This is illustrated in Fig. 9 SLAC, No. 91 (1970) .
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